Multiply
By Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:°C =(°F-32)/1.8
Vertical coordinate information is referenced to the National Geodetic Vertical Datum of 1929 (NGVD 1929) ; horizontal coordinate information is referenced to the North American Datum of 1983 (NAD83).
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Abstract
Acoustic and optic methods were applied to estimate suspended-solids concentrations in the St. Lucie River Estuary, southeastern Florida. Acoustic Doppler velocity meters were installed at the North Fork, Speedy Point, and Steele Point sites within the estuary. These sites provide varying flow, salinity, water-quality, and channel cross-sectional characteristics. The monitoring site at Steele Point was not used in the analyses because repeated instrument relocations (due to bridge construction) prevented a sufficient number of samples from being collected at the various locations. Acoustic and optic instruments were installed to collect water velocity, acoustic backscatter strength (ABS), and turbidity data that were used to assess the feasibility of estimating suspendedsolids concentrations in the estuary. Other data collected at the monitoring sites include tidal stage, salinity, temperature, and periodic discharge measurements.
Regression analyses were used to determine the relations of suspended-solids concentration to ABS and suspendedsolids concentration to turbidity at the North Fork and Speedy Point sites. For samples used in regression analyses, measured suspended-solids concentrations at the North Fork and Speedy Point sites ranged from 3 to 37 milligrams per liter, and organic content ranged from 50 to 83 percent. Corresponding salinity for these samples ranged from 0.12 to 22.7 parts per thousand, and corresponding temperature ranged from 19.4 to 31.8 °C. Relations determined using this technique are site specific and only describe suspended-solids concentrations at locations where data were collected. The suspended-solids concentration to ABS relation resulted in correlation coefficients of 0.78 and 0.63 at the North Fork and Speedy Point sites, respectively. The suspended-solids concentration to turbidity relation resulted in correlation coefficients of 0.73 and 0.89 at the North Fork and Speedy Point sites, respectively. The adequacy of the empirical equations seems to be limited by the number and distribution of suspended-solids samples collected throughout the expected concentration range at the North Fork and Speedy Point sites. Additionally, the ABS relations for both sites seem to overestimate at the low end and underestimate at the high end of the concentration range.
Based on the sensitivity analysis, temperature had a greater effect than salinity on estimated suspended-solids concentrations. Temperature also appeared to affect ABS data, perhaps by changing the absorptive and reflective characteristics of the suspended material. Salinity and temperature had no observed effects on the turbidity relation at the North Fork and Speedy Point sites.
Introduction
The Indian River Lagoon extends about 156 mi along the central-east coast of Florida. The St. Lucie River Estuary is a major tributary at the southern end of the lagoon ( fig. 1 ). Drainage modifications and increased land use in the St. Lucie watershed have substantially increased wet-season flows and reduced dry-season flows entering the estuary. Anthropogenic alterations have caused a high volume of stormwater discharges, producing large salinity fluctuations and sedimentation rates. The transport of these sediments as suspended load decreases light penetration with increased turbidity, and deposition of the sediments creates layers of fine-grained, nutrient-rich muck within the estuary. These processes have contributed to detrimental effects to the seagrass communities and overall health of the estuarine system. To restore and protect environmental resources of the Indian River Lagoon and the St. Lucie River Estuary, the South Florida Water Management District (SFWMD) and the St. Johns Water Management District (SJWMD) initiated the Indian River Lagoon SurfaceWater Improvement and Management (SWIM) Plan (Steward and others, 1993) . Improving techniques to calculate sediment loads in these environments on a continuous basis will increase the accuracy of records and enhance the overall understanding of the estuarine system. Specifically, managers need to accurately determine suspended-solids loads entering the estuary, suspended-solids transport and deposition characteristics within the estuary, and the relation of suspended-solids transport to tidal flows and freshwater inflows. In 1999, the U.S. Geological Survey (USGS), in cooperation with the SFWMD, began an investigation to test the use of data from acoustic and optic instruments as surrogates for the estimation of suspendedsolids concentrations. Turbidity sensors were installed at an existing flow and salinity monitoring network in the St. Lucie River Estuary system where acoustic instruments were already in place. Water samples were collected to determine suspended-solids concentrations at the North Fork, Speedy Point, and Steele Point monitoring sites ( fig. 1 ). The existing monitoring network is the result of a cooperative effort between the USGS and SFWMD to provide hydrologic and water-quality data for the estuary.
Purpose and Scope
This report describes the feasibility of using acoustic and optic methods to improve the accuracy of estimating highly organic suspended-solids concentrations in the St. Lucie River Estuary. Acoustic backscatter strength (ABS), turbidity, salinity, and temperature data are presented and analyzed, as well as data from water samples collected for laboratory determination of suspended-solids concentrations. Regression analyses are performed to determine the suspended-solids concentration to ABS relation and the suspended-solids concentration to turbidity relation. Empirical and site-specific estimation models are presented for suspended-solids concentrations using time-series data from acoustic and optic instruments. Relations between point and mean cross-sectional suspended-solids concentrations also are addressed as a necessary step for calculating time series of mean suspended-solids concentrations.
Description of Study Area
The St. Lucie River Estuary supports a large variety of plants and animals including seagrass, marine fish, and invertebrates. The estuary is located in parts of Martin and St. Lucie Counties and has two major forks-the North Fork and the South Fork (South Florida Water Management District, 1999, p. 2) . Five tributaries to the estuary provide drainage for a watershed that encompasses about 820 mi2. Ten Mile Creek is a major tributary to the North Fork; the C-23 and C-24 canals drain agricultural and residential lands and discharge freshwater into the estuary through control structures S-48 and S-49; Old South Fork is a major tributary to the South Fork; and St. Lucie Canal (C-44) connects Lake Okeechobee to the South Fork ( fig. 1 ). The St. Lucie Canal also provides drainage for agricultural lands and Lake Okeechobee through a series of gated spillways and a lock chamber (for boat traffic) at structure S-80. 
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Methods of Investigation and Data Analysis
Instrument installation and field data collection and analysis were performed similarly at the North Fork, Speedy Point, and Steele point monitoring sites. Data collected at the Steele Point site, however, could not be used in the analysis because multiple instrument relocations due to bridge construction resulted in inconsistent data. All field data except suspended-solids concentration were recorded at 15-minute intervals. Water samples for determination of suspended-solids concentration were collected on a monthly and event-driven basis. A typical instrument setup for water sampling at the monitoring sites in the St. Lucie River Estuary is shown in figure 2.
Measurement of Acoustic Backscatter Strength
Acoustic Doppler velocity meter (ADVM) instruments were used to measure an index of the mean water velocity at the monitoring sites and to collect data pertaining to the ABS received by the sensor. The instruments were placed at a fixed location vertically (about middepth) and measured a section about 19 ft in length, between 6 and 25 ft from the ADVM transducer faces. The ADVM produces a short pulse of sound at a known frequency, which is reflected (scattered) in all directions by particulate matter in the water. The acoustic return signal received by the ADVM has a frequency change (Doppler shift) proportional to the velocity of the scattering material (SonTek, 1997) . The water velocity measured by the ADVM represents an index velocity that has a direct relation to the mean channel velocity.
ABS is a measure of the strength of acoustic return signals reflected from material in suspension within the body of water measured, and is reported in counts. The St. Lucie River Estuary is an environment that promotes extensive biological growth on all submerged structures, including the instruments at the monitoring sites. Biofouling of the transducer faces of the ADVM can substantially affect ABS measurements, and periodic cleaning of transducer faces is necessary to maintain accuracy. Corrections can be used to account for decreasing signal strength due to biological growth, but these connections usually decrease the accuracy of the estimates, as described later for the North Fork site.
Measurement of Turbidity
Turbidity was measured at two depths at the Speedy Point site to document any vertical stratification in the distribution of suspended solids, and at only one depth at the North Fork site because the stream at this site appears to be well mixed. Turbidity is recorded in nephelometric turbidity units (NTU), which is a measure of suspended-solids content (cloudiness) in water. Instruments used in this study measure turbidity by projecting a light beam into a volume of water and then measuring the light scattered off suspended particles present in the water (YSI Incorporated, 1998) . Biofouling was observed on turbidity and salinity probes (fig. 3) ; therefore, frequent field visits for instrument maintenance and calibration were necessary.
Sampling and Determination of SuspendedSolids Concentrations
Water samples were collected to represent local and mean cross-sectional suspended-solids concentrations using point and depth-integrated (top to bottom) sampling techniques. Local space, in this report, represents an area that is at the altitude of the ADVM transducer and about 9 ft from the transducer toward the center of the stream. Local suspendedsolids concentrations were measured by collecting water samples using a horizontal Van Dorn bottle type sampler. Cross-sectional concentrations were measured by collecting depth-integrated samples using the equal discharge increment method (EDI) and the DH-59 sampler as described by the U.S. Interagency Committee on Water Resources, Subcommittee on Sedimentation (1965). The two samplers used in the study are shown in figure 4. All water samples were collected in accordance with USGS prescribed methods (Edwards and Glysson, 1988) . Collection of a water sample using the DH-59 sampler is depicted in figure 5 .
Traditional laboratory techniques used in the determination of total suspended-solids concentrations were modified to address potential bias in the results as compared to those used for suspended-sediment concentration analyses (Gray and others, 2000) . Analyses performed at the USGS Ocala Laboratory in Florida were modified to process: (1) entire water samples rather than aliquots from samples; and (2) all bottles from depth-integrated cross-sectional samples. The suspendedsolids concentrations were obtained by drying sample contents at 105 °C. The volatile component was determined by baking the contents at 500 °C and subtracting the inorganic residue from the suspended-solids concentration value. To avoid misinterpretation, laboratory results are presented as suspendedsolids concentrations in this report.
Collection of Tidal Stage, Discharge, Salinity, and Temperature Data
Tidal stage, salinity, and temperature data were collected in 15-minute intervals at the North Fork and Speedy Point sites, and miscellaneous discharge measurements were taken for velocity calibrations and rating development. All 15-minute data were recorded and transmitted every 4 hours by way of Geostationary Operational Environmental Satellite (GOES) into the USGS National Water Information System (NWIS) database. A monitoring site (Steele Point) in the St. Lucie River Estuary is shown in figure 6 . Tidal stage data were recorded to determine water depth and to calculate the stage-dependent cross-sectional area needed for discharge computations. These data were collected using an incremental shaft encoder attached to a pulley that suspends a stainless-steel tape, weight, and float inside an 8-in-diameter polyvinyl chlorinated (PVC) pipe stilling well.
Discharge measurements were performed using a boatmounted acoustic Doppler current profiler (ADCP). From these measurements, velocity ratings were developed to compute time-series records of discharge at the monitoring sites.
Salinity and temperature were recorded as water-quality characteristics to determine changes in water density. Because water density directly affects the speed and absorption of sound, density changes within the volume of water measured by the ADVM can affect the velocity and ABS values reported by the instrument.
Analysis of Laboratory and Field Data
As previously mentioned, suspended-solids concentration was determined at the USGS Ocala Laboratory, and temperature and salinity were determined in the field. Suspendedsolids concentrations for samples used in regression analyses (described later) ranged from 3 to 37 mg/ L, and organic content ranged from 50 to 83 percent. The suspended-solids concentrations and organic content varied depending on the monitoring site location and flow conditions at the time of sampling. Observed data suggest that no substantial temperature stratification occurs at the monitoring sites, and substantial salinity stratification occurs only during large freshwater releases from structures S-48, S-49, and S-80 along the C-23, C-24, and C-44 canals, respectively ( fig. 1 ). For the samples just mentioned, corresponding salinity ranged from 0.12 to 22.7 ppt depending on the magnitude and duration of freshwater releases from structures S-48, S-49, and S-80; water temperature ranged from 19.4 to 31.8 °C.
Estimation of Suspended-Solids Concentrations Using Acoustic and Optic Methods
The collection of water samples for the computation of suspended-solids transport is a labor intensive and costly process. Additionally, no direct correlation exists between suspended-solids concentration and discharge in tidal streams; the magnitude and chemical composition of freshwater inflow affect suspended-solids concentration because of flocculation of dissolved organics. For these reasons, it is advantageous to have a reliable method for estimating suspended-solids concentration using surrogate parameters. Measuring surrogate parameters such as ABS and turbidity, and developing relations between these and suspended-solids concentration, can improve the accuracy of suspended-solids transport estimates as well as increase temporal resolution of the data by allowing for the computation of time-series records.
The equations used in this study to test the feasibility of using ABS and turbidity data to estimate suspended-solids concentrations are as follows:
Suspended solids = 10ABS [a + b log(salinity) + c log(temperature)] + d,
(1) and Suspended solids = a´ Turbidity + b´,
where a, b, c, d, a´, and b´ are regression coefficients, and ABS, salinity, temperature, and turbidity are field measured parameters. Equation 1 is exponential because acoustic data are reported in counts (a logarithmic, internal instrument unit), and regression analyses using ABS data must be performed with all raw linear data converted to a logarithmic scale.
The use of ABS and turbidity data collected at the monitoring sites in the St. Lucie River Estuary for estimating suspended-solids concentrations with equations 1 and 2 is summarized herein. A description of obtained ABS and turbidity relations is followed by a discussion on the quality of empirical equations and a sensitivity analysis describing the response that each relation shows to certain field parameters. Combining ABS and turbidity data into one equation did not improve the accuracy of results, and therefore, is not used nor described herein. A sample of time-series estimates of suspended-solids concentrations also is presented. The computation of suspended-sediment transport (loads) is not presented because of pending verification of estimating equations used in the study and the large amount of missing or insufficient field data.
Suspended-Solids Concentration to Acoustic Backscatter Strength Relation
Multivariable regression techniques were used to determine the best possible relation of suspended-solids concentration to ABS at the North Fork and Speedy Point sites. Salinity and temperature were included in the empirical equations to account for the effects of density change.
North Fork Site
At the North Fork site, 38 of 49 collected water samples were used to determine the relation of suspended-solids concentration to ABS in the local space. All data collected at this site and used for the regression analysis are presented in table 1. Eleven samples were not used because of missing, bad, or erroneously collected ABS data. The measured suspended-solids concentrations for water samples used in this analysis ranged from 3 to 18 mg/L, and corresponding average salinity and temperature ranged from 0.2 to 12.9 ppt and 19. [Values shown in bold red were used to determine the suspended solids to acoustic backscatter relation and the suspended solids to turbidity relation. ABS, acoustic backscatter strength; NTU, nephelometric turbidity units; BD, bad data; MD, missing data] to 31.8 °C, respectively. All ABS data collected from June 2 to August 11, 1999, had to be adjusted by correcting recorded ABS values based on the difference between readings before and after cleaning the transducers. ABS readings increased by 40 counts after transducers were cleaned in August 1999. A constant correction was applied because there is no available information to determine a correction prorated between the time biofouling started and the instrument cleaning date. Because density affects the speed of sound in water, salinity and temperature were both included in the multivariable regression analysis used to determine the best possible relation of suspended-solids concentration to ABS. This empirical relation is expressed as: The correlation coefficient is:
The relation obtained between measured and estimated suspended-solids concentrations using equation 3 is shown in figure 7 . The one-to-one line shown figure 7 does not represent a regression line of suspended-solids concentrations as a function of ABS because estimated suspended-solids concentrations are a function of temperature and salinity as well as ABS. This plot shows actual measured suspended-solids concentrations relative to estimated concentrations in order to depict how well equation 3 fits measured concentrations at the North Fork site.
Speedy Point Site
At the Speedy Point site, 33 of 42 collected water samples were used to determine the relation of suspended-solids concentration to ABS in the local space. All data collected at this site and used in the regression analysis are presented in table 2. Nine samples were not used in the regression analysis because of missing or bad ABS data or because of questionable suspended-solids sample data. The measured suspendedsolids concentrations for samples used in this analysis ranged from 4 to 23 mg/L, with corresponding average salinity and temperatures ranging from 0.2 to 22.7 ppt and 20.7 to 31.8 °C, respectively. No corrections to ABS data were necessary at the Speedy Point site. The empirical equation developed for estimating suspended-solids concentrations at this site is expressed as: Table 2 . Point sample data from the Speedy Point site used for regression analyses.
[Values in bold red were used to determine the suspended solids to acoustic backscatter relation and the suspended solids to turbidity relation. MD, missing data; BD, bad data] The relation obtained between measured and estimated suspended-solids concentrations using equation 4 is shown in figure 8 . As in figure 7 , the one-to-one line shown in figure  8 does not represent a regression line of suspended-solids concentrations as a function of ABS because estimated suspended-solids concentrations are a function of temperature and salinity as well as ABS. This plot shows actual measured suspended-solids concentrations relative to estimated concentrations in order to depict how well equation 4 fits measured concentrations at Speedy Point.
Erratic patterns in the acoustic data resulted in larger variance as compared to data collected at the North Fork site. Excessive turbulence within the volume of water measured by the instrument probably affected the consistency of ABS data. Turbulence develops at this site in the higher water velocity zones near the large concrete footings where instrumentation was installed. Observed flow patterns at the Speedy Point site and results obtained from correlation analyses suggest better results probably would have been obtained if instruments had been located in an area with less turbulence. Results obtained at the North Fork site also suggest that the technique used can provide better results under favorable measuring conditions.
Suspended-Solids Concentration to Turbidity Relation
Simple linear regression techniques were used to determine the best possible relation of suspended-solids concentration to turbidity at the North Fork and Speedy Point sites. Salinity and temperature had no observed effects on the turbidity relations.
North Fork Site
At the North Fork site, 20 of 49 collected water samples were used to determine the relation of suspended-solids concentration to turbidity in the local space ( fig. 9 ). All turbidity data collected at this site and used for the regression analysis are presented in table 1. Twenty-nine water samples were not used in the regression analysis because of bad, missing, or erroneously collected turbidity data. The measured suspendedsolids concentrations for water samples used in this analysis ranged from 5 to 15 mg/L, and corresponding average salinity and temperature ranged from 0.6 to 12.9 ppt and 21.6 to 31.8 °C, respectively. The empirical equation developed for estimating suspended-solids concentrations using turbidity data at this site is expressed as:
Suspended solids = 0.614 Turbidity + 1.49.
(5)
The correlation coefficient is:
Speedy Point Site
At the Speedy Point site, 36 of 42 collected water samples were used to determine the relation of suspendedsolids concentration to turbidity in the local space ( fig. 10 ). All turbidity data collected at this site and used for the regression analysis are presented in table 2. Six samples were not used in the regression analysis because of missing or bad turbidity data. The measured suspended-solids concentrations for samples used in this analysis ranged from 4 to 37 mg/L, and corresponding average salinity and temperatures ranged from 0.12 to 22.7 ppt and 20.7 to 31.8 °C, respectively. Even though good correlation was obtained using turbidity data from each of two sensors at this site, average turbidity was used for this analysis. The empirical equation developed for estimating suspended-solids concentrations using turbidity data at this site is expressed as:
Suspended solids = 0.799 Turbidity + 1.76.
The correlation coefficient is: 
Qualification of Empirical Equations
Generally, the accuracy of empirical equations is directly related to how well relevant variables are represented. In this study, equations describing suspended-solids concentrations were calibrated for the North Fork and Speedy Point sites because of site-specific: (1) suspended sediment characteristics (composition and size distribution); and (2) water sampling locations relative to site instrumentation. Thus, each relation is only applicable to the site for which it was developed, as evidenced by comparing the ABS and turbidity relations obtained for each site.
The distribution of parameter data used to develop equations 3 and 4, and relations between residuals and these parameters are shown in figures 11 and 12. For the purpose of these analyses, residuals are calculated by subtracting measured from estimated suspended-solids concentrations using the corresponding empirical equation. The adequacy of these equations appears to be limited by the number and distribution of samples throughout the concentration range, and by changes in the physical characteristics (specifically, the organic to inorganic ratio) of the material in suspension, as shown by apparent trends in figures 11 and 12.
Trends in the residuals to suspended-solids concentrations graphs indicate that equations 3 and 4 appear to overestimate at the lower range of suspended-solids concentrations and underestimate at the higher range. The accuracy of data calculated using ABS relations as described by equations 3 and 4 may be improved by: (1) increasing the number of water samples to obtain a better distribution of measured suspendedsolids concentrations throughout the expected range; and (2) further studying the effects that changes in the physical composition of suspended-solids, including the organic ratio and varying particle-size distribution, may have on the established relations.
The distribution of parameter data used to develop equations 5 and 6, and relations between residuals and these parameters are shown in figures 13 and 14 (residuals are calculated as previously described). Again, the adequacy of these equations for describing suspended-solids concentrations may be limited by the number and distribution of samples throughout the expected concentration range. Graphs of the relations between residuals to suspended-solids concentrations in figures 13 and 14 show either weak or nonexistent trends for available data. However, limited measurements were taken throughout the observed concentration range, and increasing the number of water samples to obtain a more complete distribution of measurements may improve the accuracy of the relations.
Sensitivity Analysis
A sensitivity analysis was performed based on field data collected at the North Fork site on June 2, 1999, and at the Speedy Point site on October 14, 1999. This sensitivity analysis was designed to qualify the response of suspended-solids concentration relations to changes in primary and secondary variables. In this study, field parameters are classified as primary and secondary variables depending on their role in the suspended-solids concentration relations. Turbidity and ABS are considered to be the primary variables, whereas salinity and temperature are considered to be the secondary variables because their role is defined as possible "modifiers" of the suspended-solids concentration relations to ABS and turbidity.
Turbidity relations for the North Fork and Speedy Point sites were developed without use of secondary variables and are shown in figures 9 and 10, respectively. No further tests were necessary because suspended-solids concentration only appears to be related to turbidity; salinity and temperature had no observed effects on the turbidity relations. The ABS relations were developed using ABS as the primary variable, and salinity and temperature as secondary variables. The sensitivity analysis for ABS relations used four tests to determine how the relation responds to each variable. The first test was performed by keeping all variables constant, except for ABS, and computing suspended-solids concentrations for several ABS values within the expected range for each site. As anticipated, suspended-solids concentrations increased in response to increasing ABS values at the North Fork and Speedy Point sites ( fig. 15) .
Salinity is one of two secondary variables used to account for possible density effects on ABS data because of its role in determining acoustic signal absorption as sound travels across a volume of water. The second test was performed by keeping all variables constant, except for salinity, and computing suspended-solids concentration for several salinity values within the expected ranges at the North Fork and Speedy Point sites ( fig. 16 ). The effect of salinity was found to be minimal; however, it differed between both sites as reflected by the different signs for regression coefficients associated with salinity in equations 3 and 4. This difference may be the result of an insufficient number and distribution of suspended-solids measurements taken throughout the salinity range. Additional suspended-solids measurements throughout the salinity range could help determine if the salinity term is necessary in the suspended-solids equations.
Temperature is the other secondary variable used to account for density effects on ABS data. For the third test, all variables were kept constant, except for temperature. Suspended-solids concentrations were computed for several temperature values within the expected range at the North Fork and Speedy Point sites; the responses are shown in figure 17 . Based on results obtained with data from both sites, the effect of temperature in equations 3 and 4 is much greater than that of salinity.
The North Fork site yielded the best available ABS data, and was used to develop an equation that describes suspendedsolids as a function of ABS and water density. Water density was estimated as a function of water temperature and salinity using an equation described by Millero and Poisson (1981) , and then used to develop the following equation: The correlation coefficient is:
The fourth test was used to provide insight about how temperature may affect ABS relations, in addition to the effects related to temperatureinduced changes in water density. North Fork data collected on June 2, 1999, and equations 3 and 7 were used to solve for ABS; all variables were held constant, except for temperature ( fig. 18) . Temperature values encompassing expected ranges for the North Fork site were used to estimate corresponding ABS values. The results suggest that temperature may have effects on the ABS relations that are unrelated to water density, perhaps by inducing temperaturedependent changes in the absorptive and reflective characteristics of the suspended material within the sampled volume of water.
Time-Series Estimates of Mean Suspended-Solids Concentrations
The potential value of using surrogate data for the calculation of time-series records of mean cross-sectional suspended-solids concentrations lies in the ability to produce data on a continuous basis. This is especially true for periods when data would otherwise not be available, such as during and immediately following significant meteorological events such as tropical storms or hurricanes. Because mean crosssectional concentrations are needed, established local relations must be extrapolated horizontally to represent mean crosssectional concentrations. This is accomplished by collecting simultaneous samples within local and cross-sectional space, and performing correlation analyses to develop relations between the two.
The location where monitoring instruments are placed in a given stream can greatly affect the ability to obtain accurate relations between local (near sensors) and mean concentrations. Vertical and horizontal stratification can affect how well data collected within a small section of a stream can represent the mean cross-sectional conditions. For example, a narrow stream channel, such as at the North Fork site (about 300 ft wide), is more likely to have good correlation between point and cross-sectional data than a wide stream channel, such as at the Speedy Point site (about 1,000 ft wide).
Because the intent of this report is to document the feasibility of using these techniques and not to produce actual records of suspended-sediment loads, the relations described herein are presented for reference only; more data will be necessary to improve and verify these relations. The local (point) to mean cross-sectional suspended-solids concentration relations for data available for the North Fork and Speedy Point sites are shown in figures 19 and 20, respectively. 
and the local to mean relations for the Speedy Point site is:
Suspended solids mean = 1.1839 Suspended solids local + 8.5405.
The correlation coefficients are R 2 = 0.81 for the North Fork site, and R 2 = 0.57 for the Speedy Point site. Data used to develop these relations are presented in table 3. Local suspended-solids concentrations were measured by collecting water samples in the local space as previously defined. Cross-sectional concentrations were measured by collecting depth-integrated samples using the EDI method and a DH-59 sampler.
A sample of time-series records of estimated suspendedsolids concentrations was generated using ABS and turbidity data from the North Fork site and equation 8 to transform local estimates to mean cross-sectional concentrations. These estimates are presented with discharge and measured mean suspended-solids concentration in figure 21 . The data from the North Fork site ( fig. 21 ) suggest that time-series records of suspended-solids concentrations estimated using ABS data are less "noisy" than those estimated using turbidity. Application of Acoustic and Optic Methods for Estimating Suspended-Solids Concentrations...Florida Table 3 . Suspended-solids concentrations for the North Fork and Speedy Point sites used to develop local to mean cross-sectional relations.
[units are in milligrams per liter] sampling. For samples used in the regression analyses, salinity ranged from 0.12 to 22.7 parts per thousand, and temperature ranged from 19.4 to 31.8 °C.
Salinity and temperature data were collected as waterquality characteristics and to account for water-density effects on ABS data. These data were used as secondary variables in regression analyses to develop the estimation equations. Salinity and temperature data used for the ABS relation ranged from 0.2 to 12.9 ppt and 19.4 to 31.8 °C, respectively, at the North Fork site and ranged from 0.2 to 22.7 ppt and 20.7 to 31.8 °C, respectively, at the Speedy Point site.
All relations described herein are site specific and are only useful for estimating suspended-solids concentrations for locations where data were collected. Because of an insufficient number of equal discharge increment samples, all suspendedsolids concentration relations developed as part of this study are relations in the local space (near the sensors) and do not represent mean suspended-solids concentrations of the entire cross section. The suspended-solids concentration to ABS relations for the North Fork and Speedy Point sites resulted in correlation coefficients of 0.78 and 0.63, respectively. The suspended-solids concentration to turbidity relation at the North Fork and Speedy Point sites resulted in correlation coefficients of 0.73 and 0.89, respectively.
The adequacy of these empirical equations appears to be limited by the number and distribution of suspended-solids samples taken throughout the expected concentration range at both sites. Additionally, the ABS relations for both sites seem to overestimate at the low end and underestimate at the high end of the concentration range. The physical composition (organic to inorganic ratio) of the suspended material in samples taken also seems to partly determine how well the ABS relations represent suspended-solids concentrations, as shown by the analysis of North Fork data. Combining ABS and turbidity data into one equation did not improve the accuracy of results, and therefore, this approach was not considered in the final analysis.
Based on the sensitivity analysis, temperature had a greater effect than salinity on estimated suspended-solids concentrations. In addition to affecting ABS data by changing water density, temperature also appeared to affect ABS data by changing the absorptive and reflective characteristics of the suspended material. Salinity and temperature had no observed effects on the turbidity relation at the North Fork and Speedy Point sites.
In a mathematical comparison, estimates of suspendedsolids concentrations using ABS data were "less" erratic than estimates using turbidity data. The overall results of the study suggest that this technique has the potential to adequately describe time-series estimates of suspended-solids concentrations in the St. Lucie River Estuary. However, the accuracy with which the empirical equations describe these estimates may be improved by: (1) increasing the number of water samples to obtain better distributions of measured suspended-solids concentrations and local to mean cross-sectional relations; and (2) further studying the effects that changes in the physical composition of suspended-solids may have on ABS relations.
